Complementary DNA to the genomic RNA of tomato spotted wilt virus (TSWV) was synthesized and cloned in either pUC19 or 2gtl0. Restriction endonuclease maps were constructed from cDNA clones specific for the S and the M RNA segments, extending 3.0 and 5.4 kbp respectively. The nucleotide sequences of the Y and 5' termini of both RNA molecules were determined. The S and M RNAs contain inverted complementary repeats at their termini, probably involved in RNA replication and in the formation of circular nucleocapsids in virions. The terminal structures of the TSWV genome resemble, in these aspects, those of the Bunyaviridae.
majority of the sequences from the S and M RNAs of TSWV. In addition the terminal nucleotide sequences of these RNA molecules were determined.
TSWV CPNH 1, a Brazilian isolate from tomato, was maintained in tomato by grafting. Virus was isolated from mechanically inoculated Nicotiana rustica var. 'America' leaves as described by Tas et al. (1977) . Nucleocapsids were purified from infected leaves according to Verkleij & Peters (1983) .
RNA was recovered from purified virions, or from purified nucleocapsids by adding SDS to 1% (w/v) and phenol extraction followed by ethanol precipitation (Verkleij & Peters, 1983) . The intactness of the isolated RNA molecules was tested by agarose gel eleetrophoresis. From a large number of gel patterns apparent sizes of 3100 nucleotides (S RNA), 5400 nucleotides (M RNA) and 8200 nucleotides (L RNA) were estimated for the three genomic TSWV RNA molecules (data not shown). These values largely agree with previous calculations (Van den Hurk et al., 1977; Mohamed, 1981; Verkleij & Peters, 1983) .
In order to determine the nucleotide sequence at the 3' ends, the TSWV RNAs were labelled using RNA ligase and [5"-3Zp]pCp (England & Uhlenbeck, 1978) . Efficient incorporation of label (40000 c.p.m./t~g RNA) indicated free 3' OH groups. The labelled RNA molecules were resolved by electrophoresis in low gelling temperature agarose gels (Wieslander, 1979) and the sequence of the first 30 T-terminal nucleotides was determined using the enzymic procedure of Clerx-van Haaster & Bishop (1980) and Clerx-van Haaster et al. (1982) . For the L RNA however, ambiguous sequence ladders were observed, which did not allow a reliable determination of its 3' end.
As a next step for sequencing the 3' regions of the S and M RNA, synthetic oligonucleotides complementary to the first 20 nucleotides of the 3' ends of the M and S RNAs [primer M1, 5' d(GAGCAATCAATGCATCAAGA); S1, 5' d(GAGCAATCGTGTCAATTTTG), respectively], were synthesized and used for dideoxynucleotide sequencing with reverse transcriptase. The nucleotide sequences determined are shown in Fig. 2 .
To determine whether the genomic RNA molecules possess special structures at their 5' ends, the RNAs were subjected to various labelling protocols. No genome-linked protein could be detected after iodination with 12sI according to Markwell (1982) . The 5' termini could be labelled with azp by T4 p01ynucleotide kinase only after treatment of the RNAs with alkaline phosphatase (incorporation of 15000 c.p.m./~g RNA), and were even better labelled after successive treatment with acid pyrophosphatase and alkaline phosphatase (35000 c.p.m.Atg RNA). These results suggest the presence of pyrophosphate groups, (p)ppN, at the 5' termini.
To allow further studies on the genome of TSWV, eDNA to TSWV RNA was synthesized (Gubler & Hoffman, 1983) and cloned following different methods. First-strand synthesis was primed by the addition of random primers, or with the synthetic oligonucleotides M1 and S1, complementary to the 3' ends of the M and S RNAs. Double-stranded eDNA was made bluntended using T4 DNA polymerase and cloned into the SmaI site of plasmid pUC 19, or into 2gtl 0, using EcoRI linkers (Huynh et al., 1985) . eDNA clones containing viral inserts were screened by colony-hybridization (Grunstein & Hogness, 1975) using 3zp-labelled, randomly primed firststrand eDNA as a probe, eDNA clones were further characterized by Northern blot analysis (data not shown) and restriction enzyme mapping. In order to select a set of overlapping clones representing the complete S and M RNA sequences, plasmid and phage walking was performed by Southern blot analysis, using 32p-labelled eDNA inserts as probes (Maniatis et al., 1982) . In this way restriction maps of 3.0 kbp for the S RNA and 5.4 kbp for the M RNA were constructed (Fig. 1) . To avoid any misinterpretations, all regions in the physical maps of both RNA sequences were covered by at least two independent eDNA clones. The lengths of the physical maps agree well with the estimated sizes of the corresponding RNA molecules. This indicates that the physical maps, presented in Fig. 1 , comprise over 95 % of both genomic RNA sequences.
In order to determine the nucleotide sequences at the 5' ends of both M and S RNAs and to determine the polarity of both restriction maps, the sequences of the ultimate 3" ends of the cloned cDNA regions were determined, using the dideoxynucleotide chain termination method (Sanger et al., 1977) after subcloning of restriction fragments in M13 mpl8 or mpl9 vectors 
